ABSTRACT Experiments were conducted to determine if the incidence or temporal characteristics of photorefractoriness (PR) in turkey hens were influenced by age or season. Age effects on PR were determined by comparing characteristics of PR in the same hens through two consecutive lay periods. Seasonal influences on PR were evaluated by comparing characteristics of PR in hens photostimulated into lay at different seasons of the year. The onset of PR was evaluated by the spontaneous cessation of lay. Data were collected from daily egg production records for time to onset of PR, time to spontaneous termination of PR, and time required for the transition from photosensitive to the PR state. Percentage incidence, repeatability between consecutive cycles, and persistence (duration) of PR were calculated.
INTRODUCTION
Seasonal breeding in turkey hens, like most temperate zone birds, is a balance between phases of photosensitivity and photorefractoriness (PR). This balance has been described for chickens and other birds by Sharp (1993; 1996) . While photosensitive, the turkey hen responds to day lengths greater than the critical day length by laying eggs, and most of these hens subsequently become unresponsive to chronic long days and spontaneously cease lay. That is, they become absolutely photorefractory (PR).
Photorefractoriness may be relative or absolute; turkey hens that are relatively PR can lay eggs during sufficiently long day lengths, whereas those that are absolutely PR do not (Siopes, 2000) . The onset and expression of absolute PR in turkey hens is variable and occurs in most, but not all, first-year hens (Lien and Siopes, 1989; Siopes, 2000) . Thus, the degree of egg production by hens is The use of trade names in this publication does not imply endorsement of the products mentioned or criticism of similar products not mentioned. 2 To whom correspondence should be addressed: tom_siopes@ ncsu.edu.
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Age did not influence the mean time to onset of PR following photostimulation but did affect percentage incidence. All second-year hens (recycled) expressed PR, whereas 89% of the first-year hens did so. Time to onset of PR was not correlated between first-and second-year (recycled) hens. Most, but not all, first-year (84.4%) and recycled (92%) hens were transiently PR and spontaneously terminated PR after 20 to 21 wk of unchanged photoperiod. Hens photostimulated in the winter (December) had delayed mean time to onset of PR from that observed with hens photostimulated in spring (May) by about 7.7 wk. Percentage incidence of PR and duration of PR were similar in both seasons of the year. It was concluded that age and season could affect PR. dependent on how early PR starts and the incidence of expression of PR.
Because the onset and the degree of expression of PR are highly variable, the question arises whether characteristics of PR can be influenced by factors such as age (firstyear vs. recycled hens) and season. This type of information would be most pertinent to birds induced to reproductive activity throughout the year. However, the scientific literature is sparse. Lien and Siopes (1989) reported that first-year turkey hens photostimulated in August had a mean onset for absolute PR at 23 wk of photostimulation, whereas Siopes (2000) noted that absolute PR occurred after 17 to 18 wk of photostimulation in turkey hens photostimulated in March or April.
It is generally regarded that in species of wild birds that express PR, all individuals express PR following a breeding season . Not all first-year turkey hens express absolute PR, and it is not known if this variability continues into the second year (recycled hens), or if the same hens not PR in their first year remained non-PR after recycling. Therefore, the objective of this study was to determine if the characteristics of absolute PR were similar in first-year vs. recycled hens as well as in hens photostimulated during different seasons.
Abbreviation Key: PR = photorefractoriness, photorefractory.
MATERIALS AND METHODS

General
Two experiments were conducted to determine if the incidence or temporal characteristics of absolute PR in adult Nicholas Large White turkey breeder hens were influenced by age or season. As reported earlier, spontaneous cessation of egg production, with an absence of nesting behavior followed by molting in unchanging photoperiods, has been used as an indicator for the start of PR (Siopes, 2000; Lien and Siopes, 1989) . The number of weeks of photostimulation to onset of PR and subsequent spontaneous termination of PR (resumption of lay) were recorded. Percentage incidence, repeatability between consecutive cycles, and persistency (duration) of PR were calculated. In addition, transition time from photosensitive (laying) to PR (nonlaying) was determined from daily egg records. Age effects on PR were assessed by comparing characteristics of PR in the same hens through two consecutive lay periods started at the same time of year in consecutive years. Seasonal influences on PR were evaluated by comparing characteristics of PR in hens of the same age and physiological status but photostimulated into a lay cycle at widely different seasons of the year.
In both experiments, individual hens were maintained in the same light-controlled facility, and the same management practices and husbandry were used. The building was not temperature controlled but was insulated, and the rooms were mechanically ventilated. All hens received a minimum of 8 wk of short day lengths, providing 8L:16D in the immediate prelay period to ensure photosensitivity at the time of photostimulation for egg production. Photostimulation was implemented immediately with 16 h of light per day (16L:8D) and remained unchanged throughout the experiments. During prelay light restriction and subsequent photostimulation, only incandescent light was used, and the mean light intensity was 54 lx at turkey head height. Feed and fresh water were provided ad libitum throughout the study. During the prelay light restriction period, the feed was calculated to contain 12% CP, 0.85% calcium, and 3,084 kcal of ME/ kg of feed. Starting at photostimulation and continuing through the lay period, a pelleted breeder feed was provided that was calculated to contain 16% CP, 3.5% calcium, and 2,970 kcal of ME/kg of feed.
Experiment 1
This experiment evaluated absolute PR in the same hens through two consecutive, same-season egg-laying cycles to assess age effects on PR. On April 23, 36 photosensitive hens were photostimulated at 30 wk of age into their first laying cycle with 16 h of light per day (16L:8D), which was continued for 45 wk. Egg production was recorded daily from individual hens throughout the test period. These hens were recycled, and on May 5 of the next year, 33 of the hens were photostimulated for 25 wk into a second egg-laying cycle. All conditions were the same as in the first lay cycle, and the same data were collected. It is important for comparing age effects on reproduction that comparisons are made for the same time of year (Siopes and Pyrzak, 1990) .
Onset of PR was recorded as the week following photostimulation that egg production spontaneously ceased; incidence of PR was expressed as a percentage of the group. In addition, transition time (wk) from the photosensitive, egg-laying state to the PR and nonlaying state was assessed from individual hen lay records.
Experiment 2
Characteristics of absolute PR in different seasons were compared in this experiment. PR data were collected and evaluated as in Experiment 1. In two different groups, second-cycle (yearling) hens were used. In one group, photostimulation of hens was started in December, and data were used for 25 hens that continued for 61 wk of photostimulation. Photorefractoriness and egg production in these hens was compared to an additional group of second-cycle hens (n = 33) of Experiment 1 that were photostimulated for 25 wk, starting in May.
Statistical Analyses
Analysis of variance was used to evaluate treatment effects using the general linear models (GLM) procedures of the SAS Institute (1990). The least-squares means was used to estimate significant differences among treatment means. Statements of statistical significance are based on P ≤ 0.05 unless specified otherwise. Figure 1 shows the mean onset of PR for individual hens during their first-and second-year egg-laying cycles. Hens are not paired between years. In the first year of lay, 32 of 36 hens (89%) became PR, whereas during the second year of lay 100% of the laying hens became PR. Of the four non-PR hens in the first year of lay, two were nonlayers and two expressed PR in the second lay cycle. For first vs. second year, respectively, mean onset (± SEM) was 17.4 ± 0.9 and 16.9 ± 0.7 wk of photostimulation, and corresponding ranges of onset were 7 to 25 vs. 7 to 24 wk. There were no significant differences between years for mean onset time or the range of onset.
RESULTS
Age Effects (Experiment 1)
The final transition from photosensitive and laying to PR and nonlaying was abrupt and occurred within 2 wk (data not shown). In the 7 d before the last egg, an average of 3.5 eggs per hen were laid. This abrupt response was similar in the first and second lay cycles and was very similar to what has been previously reported (Siopes, 2000) .
The relationship between the time to onset of PR in the first and second lay cycle for the same hen is presented in Figure 2 . For 27 hens that were positively identified through both lay cycles, there was not a consistent pattern for time to onset of PR. About half (n = 12) of the hens were earlier and half (n = 13) were later in their onset of PR in the second lay cycle as compared to the first. Only two hens started PR in the same week of photostimulation in the first and second lay cycles.
It was not possible to evaluate persistency of PR for the same hen during two lay cycles in Experiment 1 because the second-year hens were photostimulated for only 25 wk compared to 45 wk for the first-year hens. However, when the first-year hens of Experiment 1 (45 wk photostimulation started in April) were compared to the second-year hens of Experiment 2 (61 wk of photostimulation started in December), we observed no significant differences in duration of PR. That is, PR persisted FIGURE 2. Change in the onset of photorefractoriness (PR) between the first and second year (recycled) of lay for each of 27 hens (Experiment 1). Onset was taken as the week to spontaneously stop lay following photostimulation with an unchanging photoperiod of 16L:8D. The solid line represents no change in onset of PR between first-and second-year lay periods for an individual hen (solid circle).
for 20.0 and 21.3 wk for first and second-year hens, respectively (Table 1) . Furthermore, for the first-year hens 87.1% [27/31 PR hens (1 died)] spontaneously returned to lay, whereas for the second-year hens 92% (23/25 hens) had the same response. Thus, only 13 and 8% of the firstyear and second-year hens, respectively, never ceased PR during a minimum of 45 wk of photostimulation.
Season Effects (Experiment 2)
Seasonal effects on PR are illustrated in Figure 3 . All of the second-year hens photostimulated in May or December eventually became PR. However, the mean (± SEM) onset of PR for hens photostimulated in May was significantly earlier (16.9 ± 0.7 wk of photostimulation) than for hens photostimulated in December (24.6 ± 1.0 wk of photostimulation). The first expression of PR was also delayed for the December hens from 7 to 15 wk of photostimulation.
DISCUSSION
From the results of this study, it was apparent that age and season affected certain characteristics of PR in turkey hens. Although it is generally regarded that photoperiodic responses of young (first-year) and adult (post firstyear) turkeys are very similar, there are no studies extending this specifically to photorefractoriness. The only significant effect of age on PR was in the incidence of the PR response (Figure 1 ). All recycled hens expressed PR, whereas 89% (32/36) of first-year hens did so. It is notable that the presence of persistent layers (absence of PR) in the first-year lay period was not repeated after recycling. In other studies, the expression of PR was reported to be as low as 53 to 55% in first-year hens (Lien and Siopes, 1989; Siopes, 2000) . Clearly, the occurrence of PR in firstyear turkey hens is highly variable but is uniform in recycled hens. Less than 100% expression of PR is something of a novelty among species of birds that become PR. Why some turkey hens that do not express PR in their first lay period do so in the second-year is not known, but this PR suggests that a developmental-maturational process is involved. The range of times to the first appearance of PR and the mean time to onset of PR following photostimulation were similar between first-year and recycled hens. This finding was not a consequence of fixed PR characteristics of individual hens but rather a group characteristic. That is, for any given hen, onset of PR is not fixed but rather can be advanced or delayed in subsequent lay periods (Figure 2 ). There was no significant correlation (r = 0.24) between onset of PR in the first and second lay periods; advances or delays in onset were evenly distributed. The net effects for a group of hens are that the first occurrence and mean onset for PR are similar in consecutive lay periods. In a practical sense, these effects mean there is no value in selecting hens to recycle on the basis of when they stopped lay (onset of PR) in their first-year lay period. First-year hens that express PR early after photostimulation and stop lay are not precluded from having delayed onset of PR and prolonged lay after recycling.
Typically, most species of birds remain permanently PR unless exposed to natural or artificial short day lengths for an appropriate period of time (Nicholls et al., 1988) . Thus, in the turkey industry and research, light restriction is a common practice before photostimulation of hens for egg production. Siopes (2000) reported that PR in most first-year turkey hens was not permanent but transient and persisted for about 20 wk before the hens spontaneously resumed egg laying, without a change in photoperiod. Interestingly, first-year and recycled hens in the present study were transiently PR, and, in both cases, PR persisted for about 20 to 21 wk, followed by spontaneous egg laying (Table 1) . Clearly, PR is not a permanent physiological state in most turkeys, and the transient nature and duration of PR is similar in first-year and recycled hens. Spontaneous termination of PR in other birds has been sparsely reported but includes song sparrows (Wingfield, 1993) , mallard ducks (Nicholls et al., 1988) , and garden warblers (Gwinner et al., 1988) .
Not all turkey hens spontaneously terminate PR; in first-year hens, 15.6% remained PR and nonlaying, and in recycled hens, 8% remained PR and nonlaying. These results are in good agreement with 11% of first-year hens remaining PR, as reported by Siopes (2000) . It seems reasonable to expect that 8 to 16% of PR hens in first-year or recycled flocks will remain PR and nonlaying until exposed to short day lengths for an appropriate period of time (Siopes, 1989) . Persistent PR on long day lengths is common in wild birds, and in domestic turkeys, this may be a remnant from a less domesticated state.
Season of the year can have potent effects on egg laying by domestic turkeys. To what extent season effect involves PR has not been previously reported. PR is a major mechanism controlling seasonal reproduction in birds (Nicholls et al., 1988; Dawson et al., 2001) . In wild turkeys, egg production is seasonal; egg production starts in March to April and does not persist past July to August (Bailey and Rinnel, 1967) . Domestic turkey hens exposed to natural day lengths have a very similar pattern of lay (Lien and Siopes, 1993) , and the termination of egg laying in both cases is due to PR. Of course, seasonal influences on PR are not pertinent in these cases because there is only one season. However, for birds such as domestic turkey hens that are photostimulated at all times of the year for year-around egg production, seasonal expression of PR may be an important issue.
In the present study it was demonstrated that hens photostimulated in the winter (December) delayed the mean onset of PR from that observed in hens photostimulated in spring (May) by about 7.7 wk (Figure 3) . Further, the range of PR onset was shifted in winter vs. spring photostimulated hens to 15 to 32 wk from 7 to 24 wk of photostimulation. It may be surmised that neither the duration of PR nor the percentage of hens spontaneously recovering from PR seemed to be influenced by season (Table 1) . It should be noted that this comparison involved hens of different ages as well as different seasons but age may be reasonably disregarded based on results presented herein.
Clearly, season of the year can effect the expression of PR in turkey hens, which would be reflected in egg production. Lien and Siopes (1989) reported that firstyear turkey hens photostimulated in August had a mean onset of PR of 23 wk after photostimulation. This finding, combined with results in the present study, suggests that the mean onset of PR is delayed as the season for start of photostimulation progresses from spring to winter. It is generally acknowledged that hens photostimulated in the spring, lay fewer eggs than hens photostimulated in winter. It seems reasonable that the delayed onset of PR in winter photostimulated hens contributes to this difference.
The cause of the seasonal difference in onset of PR is not known. The local environment, including diet and temperature, can influence seasonal breeding including the expression of PR . All birds have changing dietary needs as seasons change. It is certainly possible that results reported here for seasonal variations in PR were influenced by the unchanging diets provided to the turkeys. Most pertinent to the present study would be variations in environmental temperature. There is no information available of temperature effects on expression of PR in domestic birds. Low temperatures have been reported to delay PR in white-crowned sparrows and advance gonadal regression in Japanese quail (Wada et al., 1990) . The delay in PR of our winter photostimulated turkey hens as compared to the spring photostimulated hens would be consistent with Wingfield et al. (1997) if temperature at the time of photostimulation was a determining factor. It should be noted that PR in birds is programmed by long days and thyroid hormones within the first few weeks of photostimulation and expression is delayed until later in the reproductive period regardless of interim photoperiods (Nicholls et al., 1988; Wilson and Reinert, 1999; Dawson, 2001) . It may be that temperature effects in the season of starting photostimulation (programming) are more important than in the season of expression of PR. From results of the present experiment, we may conclude that both age and season can affect certain characteristics of PR.
